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The occurrence of diseases is a limiting factor in the development of sorghum crop. Among the diseases that causes 
losses in sorghum production, anthracnose is the main and most severe, mainly by the genetic variability of the 
pathogen. In this context, the aim of this study was to evaluate the genetic variability of Colletotrichum sublineolum 
isolates. DNA were extracted from 56 monosporic isolates of C. sublineolum using a DNA extraction kit, and to 
perform the analysis of genetic diversity of the isolates were used ISSR primers. After amplification, it was 
determined the polymorphic information content (PIC), allelic frequency, UPGMA and Tocher clustering analyzes 
and, using software Structure, the genetic structure. According to the descriptive analysis of the genetic variability of 
C. Sublineolum isolates, primer AP1 presented the higher value of polymorphic information content (PIC). The higher 
allelic frequency was observed in loci 06, 09, 10, and 24, and the lowest in locus 02. As for the clustering method, it 
was observed a tendency of grouping C. sublineolum isolates according the geographic origin and, in addition to 
demonstrating the genetic variability between the C. sublineolum isolates, it was observed the occurrence of 
introgression among the isolates. 
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Resumo  
A ocorrência de doenças é um fator limitante no desenvolvimento da cultura do sorgo. Dentre as doenças que causam 
prejuízos na produção de sorgo, a antracnose é a principal e mais severa, principalmente pela variabilidade genética 
do patógeno. Nesse contexto, o objetivo deste estudo foi avaliar a variabilidade genética de isolados de 
Colletotrichum sublineolum. O DNA foi extraído de 56 isolados monospóricos de C. sublineolum por meio de um kit 
de extração de DNA, e para realizar a análise da diversidade genética dos isolados foram utilizados os primers ISSR. 
Após a amplificação, determinou-se o conteúdo de informação polimórfica (PIC), frequência alélica, análises de 
agrupamento UPGMA e Tocher e, por meio do software Structure, a estrutura genética. De acordo com a análise 
descritiva da variabilidade genética dos isolados de C. Sublineolum, o primer AP1 apresentou o maior valor de 
conteúdo de informação polimórfica (PIC). A maior frequência alélica foi observada nos locos 06, 09, 10 e 24, e a 
menor no locus 02. Quanto ao método de agrupamento, observou-se uma tendência de agrupar os isolados de C. 
sublineolum de acordo com a origem geográfica e, além de demonstrando a variabilidade genética entre os isolados de 
C. sublineolum, foi observada a ocorrência de introgressão entre os isolados. 
Palavras-chave: Sorghum bicolor (L.) Moench; Antracnose; Marcadores moleculares. 
 
Resumen  
La aparición de enfermedades es un factor limitante en el desarrollo del cultivo de sorgo. Entre las enfermedades que 
ocasionan pérdidas en la producción de sorgo, la antracnosis es la principal y más grave, principalmente por la 
variabilidad genética del patógeno. En este contexto, el objetivo de este estudio fue evaluar la variabilidad genética de 
aislados de Colletotrichum sublineolum. Se extrajo ADN de 56 aislados monospóricos de C. sublineolum utilizando 
un kit de extracción de ADN, y para realizar el análisis de diversidad genética de los aislados se utilizaron cebadores 
ISSR. Después de la amplificación, se determinó el contenido de información polimórfica (PIC), la frecuencia alélica, 
los análisis de agrupamiento de UPGMA y Tocher y, utilizando el software Structure, la estructura genética. Según el 
análisis descriptivo de la variabilidad genética de los aislados de C. Sublineolum, el cebador AP1 presentó el mayor 
valor de contenido de información polimórfica (PIC). La mayor frecuencia alélica se observó en los loci 06, 09, 10 y 
24, y la menor en el locus 02. En cuanto al método de agrupamiento, se observó una tendencia a agrupar los aislados 
de C. sublineolum según el origen geográfico y, además de demostrando la variabilidad genética entre los aislados de 
C. sublineolum, se observó la ocurrencia de introgresión entre los aislados. 
Palabras clave: Sorghum bicolor (L.) Moench; Antracnosis; Marcadores moleculares. 
 
1. Introduction 
Sorghum bicolor (L.) Moench is the world’s 5th most important cereal in relation to yield potential and planted area, 
being used primarily in animal feed, nutrition and biofuel. The crop has expanded in Brazil, thus making the country one of the 
10th biggest producers of sorghum in the world (Conab, 2015; Conab, 2016). 
Sorghum is a C4 plant, presenting biomass production capacity and stands out in relation to its energy potential when 
compared to other crops, mainly for having features that make it attractive to the market, as low implantation and production 
costs, short cycle, fully mechanizable, high calorific value in boilers and great tolerance of drought, which make it possible to 
be cultivated in different edaphoclimatic conditions (Castro, 2014). 
There are several phytosanitary issues that affect sorghum crop, among them are the diseases, which can cause 
significant losses, depending on the susceptibility of the cultivated variety to the pathogen and favorable environmental 
conditions to its occurrence and dissemination (Silva et al., 2008). Among the sorghum diseases, anthracnose is the main and 
the most devastating, affecting the whole plant, causing significant losses in all types of sorghum, being upper to 80% of the 
grain production and more than 50% of the forage (Casela et al., 2000; Pereira et al., 2011). 
The causal agent of anthracnose, Colletotrichum sublineolum (P. Hen, Kabat & Bulbak), belongs to the order 
Melanconiales, which includes asexual fungi that produces spores (conidia) in reproductive structures called acervuli (Costa et 
al., 2003). The pathogenic agent variability in Brazilian conditions is one of the limiting factors of developing resistant 
cultivars (Casela & Frederiksen, 1994; Panizzi & Fernandes, 1997). 
The Colletotrichum species can be differentiated by traditional methods, as conidia shape and dimension, fungi colony 
colour and mycelial growth rate, among others morphologic and cultural characteristics (Freeman et al., 1998). However, this 
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characterization is not enough, due to the great phenotypic diversity and instability of these characters, arising from the 
environment (Andrade et al., 2007). Due to the importance of these characteristics for the characterization of the fungus 
species, it is necessary complementary techniques that increases the opportunity of improvement and safety in its 
identification. 
Molecular techniques are a complementary tool for the populational study of C. sublineolum, because they allow an 
accurate analysis of the pathogen genetic variability, being capable to detect mutational changes in coding regions of a limited 
number of genes that express enzymes, making it easier and faster the identifications of the species and isolates of pathogenic 
fungi. 
Among the markers based on microsatellite repetition, ISSR (Inter-Simple Sequence Repeat) are widely used for the 
study of genetic variability of C. sublineolum. ISSR are dominant marker that amplify between microsatellites sequences, 
using a single primer, composed by a repeated sequence and anchored, with two or four nucleotides in one end (Zietkiewicz et 
al., 1994; Caixeta et al., 2009). According to Perumal et al. (2008), this technique can be used to elaborate strategies of 
improvement, considering the resistance to local population of the pathogen and to verify the incidence of new virulent races. 
Genetic variability studies of the anthracnose etiological agent produce information that provides subsidies for genetic 
improvement programs of sorghum. In this regard, this study aimed to analyze the genetic variability of Colletotrichum 
sublineolum isolates sampled in Cáceres-MT and compare these with those sampled in Sete Lagoas, Minas Gerais. 
 
2. Methodology  
The research was conducted at the Laboratory of Genetic Resources & Biotechnology (LGR&B), linked to the 
Agronomy Department, State University of Mato Grosso – UNEMAT. We made use of 56 isolates of Colletotrichum 
sublineolum – 31 sampled at the experimental field of the UNEMAT-Cáceres-MT and 25 from Sete Lagoas-MG. 
Subsequent obtaining the C. sublineolum monosporic isolates, the extraction of the DNA was conducted using the 
Wizard® Genomic DNA Purification kit (Promega, Madison, WI), according to the manufacturer’s recommendations. For the 
amplification of the genomic DNA, 20 ISSR loci primers were tested and of these, 11 were selected to represent the genetic 
variability of the C. sublineolum isolates (Table 1). 
 
Table 1. Sequence of bases of 11 selected ISSR molecular markers, fragment size generated by PCR and polymorphic 
information content (PIC) representing the genetic variability of 56 Colletotrichum sublineolum isolates, Cáceres-MT, 2017.  
Primers (Sequência 5’3’) Tamanho do fragmento PIC 
AP1 2340 – 400 0,47 
AP3 1000 0,03 
AP4 1027 – 700 0,33 
(GTG)6 2294 – 894 
0,24 
(TG)8GT 1557 – 700 
0,46 
CAC   2600 – 1000 0,33 
(AAG)6   878 – 458 0,22 
UBC 810 1872 – 518 0,14 
UBC 817 3000 – 862 0,31 
UBC 850 1094 – 754 0,35 
UBC 881 2085 – 820 0,36 
Max. – Min. 3000 – 400 - 
Média - 0,29 
Source: Authors. 
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PCR amplification reactions were prepared in a final volume of 20 μL, using 2,0 μL of 10x buffer solution, 1,6 μL of 
2 mM MgCl2, 4,0 μL of 2,0 mM dNTP’s, 0,2 μL of Taq DNA polymerase, 3,0 μL of 2 mM of primer, 1,0 μL of formamide 
and 2,0 μL of genomic DNA. 
Reaction amplification was performed on an Aeris Thermal Cycler, according thermal cycle programme: initial 
denaturation of 3 min at 94 °C; followed by 35 amplification cycles of 30 s at 94 °C, 30 s at melting temperature, 30 s at 72 °C 
and final extension of 5 min at 72 °C., keeping at 4 °C until samples were taken out of the Thermal Cycler. 
To determine the size of the amplified fragment, PCR products were electrophoresed in 1.5% agarose 1 x TBE and 
visualized and photographed under UV light (Photodocumentator DNR Bio Imaging System – MicroBIS); 100 pb DNA 
Ladder marker were used as comparison and the images were processed using GelQuant Pro software. 
After the reaction amplification, molecular analyses were performed. Primarily was determined the Polymorphic 
Information Content (PIC) of each ISSR primer using Power Marker V.3.25 software. Also were determined allelic frequency 
of all molecular markers locus in the C. sublineolum isolates, using GenAlEx v.6.5 softaware (Genetic Analysis in Excel). 
STRUCTURE software, based on Bayesian statistics was used to infer isolates genetic structure and determine the 
most probable number of groups (k) among the C. sublineolum isolates.  Therefore, was performed 20 iterations per K, with a 
burn-in length of 200.000 steps with 500.000 Monte Carlo Simulations of Markov Chains. In order to determine the most 
probable K in relation to those proposed, we used the criteria described by Pritchard & Wen (2004) e Evanno et al. (2005). 
Employing the matrix generated by Jaccard’s coefficient, a dendrogram was constructed by using the unweighted pair 
group method with arithmetic average (UPGMA) in R software. The cophenetic correlation coefficient was determined to 
ensure the adjustment between the matrix and the dendrogram constructed by the UPGMA clustering method. Tocher method 
was employed based on the dissimilarity matrix using Genes software (Cruz, 2013). 
 
3. Results  
According to the results, among the 11 selected primers, it was possible to verify the presence of 42 bands, all 
polymorphic. The number of band amplified per primer varied between 01 (AP3) and 08 (AP1) and AP1 showed the highest 
number of amplified bands, with 08 polymorphic bands, and also was the most informative in demonstrating the genetic 
variability of C. sublineolum isolates (Table 1). 
In Table 1 are presented fragment sizes ranging from 400 to 3000 bp, and the polymorphic information content (PIC) 
ranging from 0.03 to 0.47, with an average of 0.29. 
In Figure 1, it is demonstrated the allelic frequency in each locus, showing how common an allele is in the study 
population. According to the results, loci 06, 09, 10 and 24 showed the highest allelic frequencies, with 98% of frequency, 
being present in 55 C. sublineolum isolates. The lowest allelic frequency was recorded in the locus 02, with 5% of allelic 
frequency, being present in 03 isolates. Generally, it was observed differences in allelic frequencies in the loci of C. 
sublineolum isolates, indicating the existence of variability among them. 
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Structure software, based on Bayesian statistics, inferred on the populational structure of C. sublineolum isolates 
through the definition of number of groups (Δk), and the best K for the C. sublineolum isolates, that is, the best clustering that 
fit the data was the representation of three groups (k=3) (Figure 2). 
 
Figure 2. Graphical analysis of the number of groups for the monosporic isolates of Colletotrichum sublineolum according to 




In Structure clustering (Figure 3), it was possible to observe the structuring of the C. sublineolum isolates in the three 
groups, wherein, group I (red) comprised of 21 isolates, of which 17 are from Cáceres-MT. Group II (green) comprised of 20 
isolates, of which 16 are from Sete Lagoas-MG. Group III (blue) comprised of 15 isolates, of which 10 from Cáceres-MT. 
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Figure 3. Clustering representation of 56 monosporic isolates of Colletotrichum sublineolum according to molecular data of 11 
ISSRs using Structure software. The isolates are represented by vertical bars with coloration according to the group to which 




It is possible to observe that the C. sublineolum isolates from Sete Lagoas-MT tended to be clustered in one group and 
the isolates from Cáceres-MT in other two groups. The distribution of C. sublineolum isolates throughout the dendrogram by 
UPGMA method (Figure 4) present the formation of six groups, showing that the isolates have genetic variability. 
 
Figure 4. Representative dendrogram of the genetic clustering analysis of 56 Colletotrichum sublineolum isolates, obtained by 
UPGMA clustering method using R software, Cáceres-MT, 2017.  
 
Source: Authors. 
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Group I is formed by 13 isolates, of which 11 are from Sete Lagoas and two isolates from Cáceres-MT. Group II and 
V are formed by three isolates each from the same place of origin, all from Sete Lagoas-MG. Still in group II, it is possible to 
observe that isolates Iso-34/sl and Iso-44/sl does not present genetic difference, being the most similar when compared to the 
other isolates in this study, suggesting that these isolates possibly belong to the same race. 
Group III comprised the greatest number of isolates (thirty-five), for this reason, group III was subdivide in IIIa and 
IIIb, wherein Group IIIa is composed of nine isolates, of which seven isolates are from Cáceres-MT and group IIIb is 
composed of twenty-six isolates, wherein the shorter genetic distance was observed between isolates Iso-21/cac and Iso-22/cac. 
The cophenetic correlation coefficient (CCC) applied in the UPGMA clustering method showed a value of 0.70 
between the distances obtained in the dissimilarity matrix and the cophenetic matrix. 
The clustering by Tocher method made possible the formation of eight groups (Table 2) with the isolates evaluated. 
The formation of different groups evidences the variability present among the C. sublineolum isolates, indicating the most 
similar and the most divergent. In this clustering method, the groups are formed so that there is homogeneity within the group 
and heterogeneity between the groups, that is, groups individuals maintaining the criteria that intra-group distances are always 
smaller than inter-group distances (Cruz & Regazzi, 2001). 
 
Table 2. Clustering representation generated by Tocher method based on the dissimilarity between 56 monosporic isolates of 
Colletotrichum sublineolum, Cáceres-MT, 2017. 
Grupos Isolados  % de isolados 
I Iso-34/sl, Iso-44/sl, Iso-36/sl, Iso-40/sl, Iso-48/sl, Iso-32/sl, Iso-50/sl, Iso-41/sl, 
Iso-37/sl 
16,07 
II Iso-21/cac, Iso-22/cac, Iso-30/cac, Iso-06/cac, Iso-16/cac, Iso-23/cac, Iso-
20/cac, Iso-17/cac, Iso-38/sl, Iso-27/cac, Iso-26/cac, Iso-15/cac, Iso-18/cac, Iso-
25/cac, Iso-43/sl, Iso-31/cac, Iso-24/cac, Iso-13/cac, Iso-39/sl, Iso-03/cac, Iso-
51/sl, Iso-08/cac, Iso-56/sl 
41,07 
III Iso-01/cac, Iso-02/cac, Iso-46/sl, Iso-45/sl, Iso-33/sl, Iso-49/sl, Iso-05/cac 12,50 
IV Iso-10/cac, Iso-19/cac, Iso-11/cac, Iso-04/cac, Iso-12/cac, Iso-47/sl, Iso-14/cac, 
Iso-09/cac 
14,28 
V Iso-42/sl, Iso-54/sl, Iso-28/cac 5,35 
VI Iso-29/cac e Iso-52/sl 3,57 
VII Iso-53/sl e Iso-55/sl 3,57 
VIII Iso-07/cac e Iso-35/sl 3,57 
TOTAL 56 100,0 
Source: Authors. 
 
The clustering formation by Tocher method occurred in a similar way to the clustering by UPGMA hierarchic 
method, although not identical. Group I is composed by 09 isolates (16.07%), all from Sete Lagoas-MG. 
Group II is composed by the majority of isolates (gathering 41.07% of isolates, from Cáceres-MT and Sete Lagos-
MG). Group III comprised of 07 isolates (12.5%). Group IV comprised of 08 C. sublineolum isolates, of which only one (Iso-
47/sl) are from Sete Lagoas-MG, maintaining the same grouping that occurred in UPGMA method (group IIIa). There has 
been a tendency of clustering according to the isolates’ place of origin. 
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Group V is composed of three isolates (5.35%), just as it occurred in UPGMA method. Groups VI, VII and VIII 
comprised of only two (3.57%) isolates each. 
 
4. Discussion  
Similar results regarding the number of polymorphic bands found in this study were also observed by Parreira et al. 
(2016) when evaluated the genetic variability of C. graminicola using 15 ISSR primers, detected the presence of 66 
polymorphic bands. 
The polymorphic information content (PIC), according classification proposed by Botstein et al. (1980), molecular 
markers with PIC values higher than 0.50 are considered very informative, values ranging between 0.25 and 0.50 are averagely 
informative and values lower than 0.25 are little informative. Based on this classification, among the 11 primers used, seven 
were averagely informative, with PIC values above 0.25 (AP1, AP4, (TG) 8GT, CAC, UBC 817, UBC 850 and UBC 881), 
being the most informative for C. sublineolum. According to Boza et al. (2013), the higher the polymorphism (PIC), the better 
the identification of genetic diversity of the sample, thus, primers that show higher PIC values are more adequate to study 
genetic variability of C. sublineolum. 
Structure analysis group individuals according to genetic differences, without prior identification of the individuals 
(Rossi et al., 2014). In this study, it was observed a tendency of clustering isolates according the geographic origin and most of 
the isolates do not have a homogenous structure within the group, that is, has different colours in the same bar in the bar plot, 
indicating genetic introgression between the three groups, once 38 of the 56 analyzed C. sublineolum isolates varies in each bar 
plot. 
In this study, the presence of introgression is due possibly to the genetic variability between isolates, furthermore, 
the presence of introgression is important for further processes in genetic improvement programs, because, according to Abbott 
et al. (2013), the presence of introgression may be an important source of genetic variability in populations.  
Cophenetic correlation coefficient value obtained through the results, demonstrate reliability in the relation between 
the dissimilarity matrix and the UPGMA dendrogram, once according to Rohlf (1970), CCC values higher than 0.70, reflect 
good agreement between the matrices and the dendrogram generated based on a data set. Furthermore, according to Cruz & 
Carneiro (2003), the higher the CCC, the lower will be the distortion caused by the data clustering, corroborating with this 
study, in which the CCC was high and the distortion reached 3.96%. 
Results obtained by UPGMA method indicates that isolates from Cáceres/MT and Sete Lagoas/MG has genetic 
variability, since they were observed in different genetic groups, which makes difficult obtaining resistant plants. Therefore, it 
is important to know the genetic variability present between isolates of pathogen and the use of molecular techniques support 
the populational dynamic study of the pathogen (Parreira et al., 2010). 
Variability between C. sublineolum isolates was also observed by Silva (2009) when evaluate the genetic variability 
between different C. sublineolum isolates from different parts of Brazil and observed the presence of variability between them.  
Similar results were also observed by Santos et al. (2015) when evaluated genotypic and pathogenic diversity of 
Colletotrichum musae in the state of Pernambuco/Brasil using ISSR, and observed a tendency of clustering isolates from the 
same geographical location. 
Although the majority of isolates from the same geographical locations tended to group together, some isolates 
geographically distant formed a genetic group. According to Cardwel et al. (1989), the pathogen can be disseminated long 
distances through infected seeds, which are source of inocula between producing areas. Perhaps, this may have contributed to 
the geographically distant isolates being genetically similar. 
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According to the clustering made by UPGMA and Tocher method, it was observed that group II and V formed by 
UPGMA and group I formed by Tocher, comprised of isolates from Sete Lagoas, showing similarity between this isolates, 
cause according to Bertran et al. (2006), individuals contained in a same group indicates that they share greater genetic 
similarity. Group V formed by UPGMA and groups VI, VII, VIII formed by Tocher presented the lowest number of C. 
sublineolum isolates clustered–only two, and as described by Benitez et al. (2011), groups formed by only one or phew 
individuals, indicates that these individuals are the most divergent in relation to the other. 
The similarity between both clustering methods (UPGMA and Tocher) demonstrates that the methods are 
complementary to each other, and assist in the indication of the most divergent isolates. Besides that, the agreement between 
UPGMA and Tocher clustering methods in the differentiation of the most divergent and the most similar isolates, provides 
subsides for more safe inferences about the variability between the isolates evaluated. 
 
5. Final Considerations 
The isolates of C. sublineolum presented genetic variability and the clustering methods used demonstrated that the 
isolates tended to organize themselves according to their local of origin. Besides presenting genetic variability, there are 
indications of gene introgression in the different genetic groups of C. sublineolum isolates analyzed, as this information are 
important for genetic improvement programs of sorghum. 
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